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ABSTRACT 
Nutrients and Phytoplankton in Hyrum Lake 
by 
Robert Bruce Murray , Master of Science 
Utah State University , 1972 
Major Professor: Dr. Raymond I. Ly nn 
Department: Botany 
The current investigation indicates that the routine appearance of a 
X 
noxious blue-green algal bloom of Aphanizomenon flos-aquae , in Hyrum Lake , 
a reservoir in northern Utah is a result of excess phosphorus. Data indicate 
that the algal growth is initialed by phosphorus liberated from the phosphorus 
rich bottom sediments, and at a time when nitrogen is presen t in excess in the 
lake relative to phosphorus. 
Results indicate that the Little Bear River is the major source of 
nitrogen and phosphorus contributing to the eutrophication of Hyrum Lake. 
Nitrogen anu jJho~phorus fluctuations in the Little Bear Ri ver proved to be 
concurrent with nitrogen and phosphorus fluctuations in the reservoir. 
(84 pages) 
JNTROD UCTJON 
Hyrum Lake , located in Hyrum Lake State Park (Cache County , Utah ) 
serves as a major recreational attraction and source of irrigation water for the 
Cache Valley area of Utah . Constructed in 1936 , Hyrum Lake has a surface 
area of 475 acres and a capacity of 15 , 300 acre feet (42) . The main influent 
stream , the Little Bear River, (total annual discharge of 63,000 acre feet), 
drains an area of 220 square miles. Included in this watershed are approxim-
ately 2 , 000 acres of cropland (42) and seve ral dairy farm operations , many of 
which are located along the immediate drainage of the Little Bear Ri ver . In 
add it ion to the Little Bear River , four small streams enter Hyrum Lake from 
dairy farm feedlot operations located along the north-eastern and eastern s hore-
line. 
Nature of the problem 
Jn Augus t 1969 , recreational use of Hyrum Lake declined a lmost 75 per-
cent (28) at a lime concurrent with a massive blue-green algal bloom. Lynn (28) 
ide ntifi ed the bloom organism as Aphanizomenon flos-aguae . The organism ha s 
subsequently reappeared in bloom proportions each summer since 1969. Due to 
the detrimental effect on the aesthetic value of Hyrum Lake and water quality 
for recreational use , determination of the parameters governing this algal 
growth is essential if any attempt at long term restoration of the recreat ional 
value of Hyrum La!<e is to be undertaken in the future . 
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Ob]ecti ves 
The purpose of the study was to determine t he cond iti ons support ing t he 
a lgal growth in Hyrum Lake . This required meeting the follow ing objectives : 
1. To determine the relationship between nitrogen and/o r phosphorus , 
and growth of A. flos-aquae. Such information being beneficial in predic t ing 
which, if either , is present in excessive amounts to support the algal bloom. 
2 . To stati s tically evaluate feedlot effluent streams and the L ittle Bear 
Ri ver itself in r egard to their r ole as significant po int sources of nutrients thus 
determining the magnitude of cultural eutrophication of Hyrum Lake . This was 
accompli s hed by planned compari sons , utilizing the random ized block design 
(36, 48) for the ana lysis of var iance a mong twe nty-two sampling s ites. 
3 . To determine the value of co liform bacter ia tests as a rapid 
diagnostic technique useful in locating and identifying s ources of nu trie nt s 
whic h s upport algal growth. TI1i s being dependent on the extent of the cor-
relation be tween co liform bacteria a nd nutrient concentration from animal 
wastes . 
4. To in vest igate and determi ne what , if any , limnological parameters 
affect the concentration or distribution of nitrogen , phosphorus, and A . flos-
aguae. 
5 . To recommend solutions or methods to a lleviate the alga l bloom in 
Hy rum Lake . 
LITERATURE REVIEW OF NUTRIENT ENRICHMENT OF 
AQUATIC ECOSYSTEMS PERTINENT TO THE STUDY 
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Eutrophccatcon is a natural bcological phenomenon which has been 
accelerated in many instances by man oriented activit ,es . Some major 
symptoms of excess eve enrcchment of lake waters are; algal blooms , increased 
productivity of aquatlc macrophytes , cncreased turbidity , depletlon of oxygen 
in the hypolimnion, and changes in the genercc and specces composition of 
communities of a lgae . invertebrates and fish (23) . Excessive inorganic 
nutrient loads imposed on a body of water often support pre mary productivity , 
thus generating massive amounts of organic matter , usually in the form of 
algae , whic h ultimately results in deterioration of quality water for recreational 
ac ti vities and potability (40). 
Inorganic nutrient inputs into aquatic ecosystems may therefore be con-
sidered the "grass root" factor limiting algal production. The inorganic 
nutrients essent ial to algal metabolism are listed by Mlller and Tash (31) . 
Trace elements are not lckely to significantly enhance algal growth due to the 
chemical composition of natural waters and the relatively small increment added 
from point sources (40) . Goldman (17) concluded that trace eleme nts are more 
stimulatory to algal growth in oligotrophic lakes than eutrophi c lakes. Essential 
macro-nutrce nts of particular concern are carbon , nitrogen, and phosphorus 
because excess[ ve amounts are contr ibuted to water systems from point sources. 
Arguments in favor of elimi nating the considerat ion of carbon as a growth 
limllJng nutrient of algae in aqueous ecosystems with h igh alkalinity con tent 
are well substantiated (10 16 401 . Nitrogen and/ or phosphorus are there-
fore most often the primary nutri e nt ;s , t hat s timulate or support undes irable 
bl u e-~reen algal produc tion. 
Enrichment of a lake w1th nitrogen or phosphorus ma y cause a disturb-
ance of the ba lance between photosynthes is and respiration , result ing in in-
c r eased phytoplankton production. The ni troge n to phos phoru s ratio (hereafte r 
abbreviated !'1/ P ) for a balanced aquat ic ecosystem is in the range 15- 30:1 whi le 
the N/ P ratio found in blue-green a lga l protoplasm is approximately 12: 1 (41). 
T herefore., natural waters are frequently deficient in the amount of phosphorus 
requ ired for bloo m formation by blue-green algae. Edmondson (5) reported 
that growth of blue-green alg·ae occurred in Lake Washington at a t ime con-
current with an increased inpu t of domestic sewage. The domes ti c sewage, 
hav ing an N/ P r atio of three to one , provided phosphorus , which was previously 
limiting, required for the growth of the blue-green algae. Di ve rsion of the 
sewage from Lake Washington r esulted in a reductio n o f the phosphorus content 
of the lake , and the N/ P ratio subsequently returned to a value c harac te ri s tic 
of natural waters (N/P ~ 15-30:1) . Conseque ntly , the phytoplankton production 
declined du e to a n ins ufficie nt phosphorus concentration to maintain th e ir growth . 
Sources of n itrogen and phosphorus in wa ter supplies are reported in 
several papers (7 , 29 , 39 , 49). Agr icu ltural runoff is the greatest single con-
tributor of nitrogen and phosphoru s to aquatic sys tems (49) . Runoff from 
5 
feedlots contaimng farm ani mal wastes is thoughl by many investigators to 
1epresent a signtficant portion of the total agricultural runoff (49) . 
Characteristtcs of feedlot runoff 
Feedlo t operations , characterized by confining many animals in relatively 
sma ll areas , are sites of excessive acc umulations of animal excreta which rep-
resent highly concentrated sources of nutrients stimulatory to a lgal growth. 
Hart and McGauchey (20) calculated that each quart of milk produced by a dairy 
cow represents three pounds of manure defecated and that each pound of we ight 
gain of livestock represen ts 6 to 25 pounds of manure (wet bas is) defecated. 
Each head of beef cattle genera tes 8 to 15 times as much waste as a human 
depending upon the parameter of comparison (24). The production of animal 
wastes in the U . S. exceeds the waste produced by the human populat ion by 
factors of 5:1 on a biochemical oxygen demand (hereafter referred to as B. O. D.) 
basis and 7:1 on a total nitrogen basis (25). Townshend et al (50) reported the 
population equivalent of cattle waste on a phosphate (phosphorus) basis is 4. 5:1. 
Evaluation of stream enrichment by agricultural operations , including 
cattle feedlot effluent h"s been previously reporter! (~4). Water pollution Rtud ies 
of streams polluted with feedlot runoff indicate that such runoff is characterized 
by a high B.O.D. , high nutrient and heavy coliform bacter ia content (2, 33, 44). 
Several f ish kills have been reportedtobe causedby feed lot runoffhigh inB.O.D. 
(44 , 50 , 32) . Miner et al (33) suggested that excess concentrations of phos-
phate , ammonia , nitrite , and nitrate occur in cattle feedlot runoff. Stewart 
et al. (46) , further indicated that feedlots contribute much nitrate to ground 
water supplies. His observations are s upported by Will ich (51) who reported 
6 
a high correla tion between nitrate concentratio n in walls and the ir prox imity 
to livestock fe t>d lots Hutchinson et al (22) reported evidence of nitrogen en-
r ichment of su rface waters by a bsorp tion of ammon ia volatized from ca ttl e 
feedlots . 
Feedlots are sources of high concentrations of coliform bacteria used 
as indices of sanitary quality of wa ter (12 , 33) . The total and fecal coliform 
groups are indicators of fec es polluted water because these bacteria are al-
way::; present in Lhe intestinal trac t of warm blooded anin1als and are e liminated 
in large numbers in fecal wastes (13). Fecal coliforms are normally absent in 
undisturbed areas , but occur in great numbers in pastures , barnyards , culti-
vated fi e lds or other areas s ubjected to human or animal fecal was tes (14) . 
Lake sed iments as sources of nutrients 
Lake sediments are recognize d as a potential source of nutrients for 
growth of undesirable algae. When sediments are physically mixed , as in 
vernal a nd autumn turnove r , so luble phosphorus and ammonia are liberated 
into the s urface water (11) . Phosphate, ammonia , iron , and manganese are 
liberated from the water-sediment interface when the oxygen concentrat ion of 
the interface approaches anaerob ic co nditions (35). Porcella et al (37), have 
s hown algal growth in microcos ms to be proportional to the initial inorgani c 
phos phorus content of the lake sediments. 
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METHODS AND MATERIALS 
Samp le Bite locatio n 
The sta ti s tical des ign of the projec t required a personal judgment [ac tor 
in the se lection of the sampling s i tes (36 , 48). Twenty-two sampling sites were 
selected \Figure 1). Thirteen sites were located within the lake , eight sites 
were located on four efflu e nt streams from feedlots (two per feedlot effluent 
strea m ) and one s ite was located in the Litt le Bear Rlver approxima te ly one-
h alf mile upstream from its confluence with Hyrum Lake. 
Sample co llec tion 
T\vo hundred and seventy- nine wate r samples were co llected on e leven 
separate occas ions (biweekly basis) between April and September, 1971 , us ing 
a two liter Kemmerer wa ter bottle . Samples collected for chemical a na lys is 
were placed in polyethe le ne bottles that were previously acid washed (0 . 1 N. HCl) 
and r insed several times with g lass distilled water. Samples co llected for 
microbial determinations were placed in ster ili zed glass bottles . All samples 
were tra nspor te d direc tly to the l a borato ry in an ice chest and immediately 
analyzed as follows : 
1. Total dissol ved phosphorus deter minations were carried out accord-
ing to the Environmental Protec tion Agency pe r s ulfate digestion procedure (6) . 
2 . Orthophosphorus determinations were performed accord ing to the 
ascorbic acid or Murphy-Riley te chn ique (4 ). 
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Figure 1. 
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3. Ammonia-nitrogen dete rminations were performed according to 
Solorzano ' s phenolhypochlorite method (8) . 
4 . Nitr ite-n itroge n determinations were performed following the Strick-
land and Parsons diazotization method (47) . 
5. Nitrate-nitrogen determinat ions were performed according to the 
Strickland and Parsons cadmium reduction procedure (47). 
6. pH determinations were performed acc ording to the Standard Method 
glass electrode procedure (1). 
7 . Total coliform bacte ria determinations were performed using the 
m e mbrane filter technique described in Standard Methods (1) and by Geldreich 
(15). 
8 . Fecal coliform bacteria determinations were performed using the 
membrane filter technique described in Standard Methods (l ) and by Geldreich 
(15). 
9 f.. flo s-aguae colony counts were determined by microscopic exam-
ination of colonies precipitated on a m e mbrane filter in a known quantity of lake 
water . 
10 . Secchi disc meas ure ments , dissolved oxygen and temperature profiles 
were performed in situ. An Electronic Instruments Limited model 15A dissolved 
oxygen meter , equ ipped with an oxygen e lec trode and thermistor was used to 
dete rmine te mperature and dissolved oxygen concentration . 
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RESULTS 
Analysis of variance was performed on all nutrients , coliform bacteria , 
and !l, flos-aguae data collected over 01e period of the study to assess statistically 
signific ant differences at the 0.10 , 0 . 05, and 0 . 01 levels among sampling stations . 
Results of significant diffe rences among stations at these levels are r eported in 
Tables 4-18 (in Appendix). 
ln the initial stages of the project the hypothesis was presented that 
nutrient and coliform bacteria concentrat ion would be greatest at stations closest 
to the center of suspec'ed sources of pollut ion (feed lots and the Li t tle Bear River) 
and that generally , the r e would be a significant decrease in nu tr ie nt and coliform 
bacteria concentration with increase in distance from these sources. Suc h sig-
nificant differences were found and are illustrated bes t by the coliform data in 
which all four stations (15 , 17 , 18, 21) located closest to the center of t he feedlots 
are sign ificantly different at the 0 . 10 leve l from stations (14, 16, 18, 20) located 
on the respective effluen t feedlot stream , but further removed from the feedlots 
t han s tations (15 , 17 , 19, 21 ). In addition , stations (14 , 16, 18, 20) are s ig-
nificantly different (0. 01 level) from the lake stations (10 , 11 , 12 , 13 ) and these 
four stations are s ignificantly d ifferent (0 . 01 level) from the l ake stat ion s (1-8) 
which are further removed from the feedlot so urces (see Figure 2) . Decrease in 
coli form concentration with distance from source is al so apparent among lake 
sites and the site in the Littl e Bear Ri ver (Figure 3) . 
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This same phenomenon occurs in the relationship of the various nutrients 
analyzed (Figure 4-5) but is less pronounced, especially among lake stations, 
possibly due to the uniform circulation in the epilimnion region of the lake. 
Various linear correlation coefficients are presented (Table 2) , 
The high correlation coefficients (r = -0 . 72 and r ~ 0 . 89) between the 
coliform counts and their distance fro m s uspected point sources demonstrate 
its usefulness as a good qualitative , diagnostic tool ind icat ing sources of fe cal 
pollution . Low correlation coefficients between nitrogen (r = 0. 28) . phosphorus 
(r = 0 . 43) and coliform bacteria demonstrate that it is a poor quantitative tool 
indicating magnitudes of nutrient enr ichment. The low linear correla tio n be-
tween coliform bacteri a a nd flow rate (Tab le 2) , and the high coe ffi c ient of 
variation (hereafter referred to as C. V, %) indi cates that co liform bacteria 
occurrence is highly variable and probably dependent upon the ex is t ing en-
vironme ntal conditions. 
S talis tical analyses of the 
c he mic al determinations 
Fluctuations in total dissolved phosphorus and orthophospha te-phosphor-
us in Hy rum Lake a nd the Little Bear Ri ver appear to be parallel. Variation in 
the total di ssolved phosphorus and orthophosphate-phosphorus content of Hyrum 
Lr.kc wate:c \V2S hi5h (C. \ ' . % = 103. 1 a:1d 53. 1 resr:ectively) . l:1 "l icw of the 
excess phosphorus input via the Little Bear Ri ver (Figures 6, 7, 8), the high 
va riability of phosphorus is probably due to luxury uptake of pho sphorus by 
microorgani sms and also the var iable nature of the phosphorus input. Further 
discussion of this matter occurs in the discussion section of thi s paper. 
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Table 1. Statistical analysis of results of Hyrum Lake data . 
De termination n Range X s c. v. % 
(ug/L .) (ug/ L . ) 
Coliform bacte ria 143 505 
Total dissolved P 143 130 
Orthophosphate P 143 47 
Ammonia N 143 29S 
Nitrile N 143 36 
Nitrate N 143 969 
Total inorganic N 143 915 
A(2hanizomenon 78 3900 
flos-aguae 
Table 2 . Linear correlation coefficients 
Fecal col iform bacteria 
Total dissolved phosphorus 
Total inorganic N 
Nitrate nitrogen 
Distance from feedlot 
Distance from Little 
Bear River 
Flow Rate 
Little Bear River 
Total coliform 
bacteria 
0 . 89 
0 . 42 
0 . 28 
-0 . 68 
-0 . 89 
-0 . 33 
67 86 128 . 4 
46 . 6 24 . 3 52.1 
6.4 6 . 6 103 . 1 
101 27.3 27 . 0 
13 . 8 4.3 30 . 9 
316 136 . 8 43 . 3 
338 141.3 41. 8 
885 737 . 8 86. 3 
Total dissolved Total inorganic 
phosphorus nitrogen 
0.96 
- 0 . 66 -0. 72 
-0 . 74 -o . 70 
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Ammonia-nitrogen levels in Hyrum Lake were quite variable (C . V .% = 
27. 0). This was primarily due to the transient nature of its occurrence . Nitrite-
nitrogen concentrations were relative ly l ow due to t he highly oxidized state of 
the lake water . Total inorganic nitrogen consis ted mainly of nitrate-nitrogen 
as shown in Table 2 by the linear correlaLon coeffic ient (r = 0. 96). The erratic 
nature of tota l inorganic nitrogen and nitra te- nitrogen in Hyrum Lake is probably 
due to the var iab le nature of ni trogen input via U1e Little Bear Ri ve r (Figure 9). 
Results of the limnological investigation 
Stratification in Hyru m Lake occurred on June 10 , 1971 (F igure 10) fol -
lowed by progressively increased dissolved oxygen reduction un til autumn turn -
over occurred on September 6, 1971 (Figures 10-15). The higher pH in the 
e pilimnion is tho ught to be du e to the uptake of C02 by phytopl a nkto n, while the 
reverse process occurs in ' he hypolimnion where C02 liberated by mic roorgan-
isms causes a lower ing of pH . The extent to which pH is reduced wou ld be gov-
e rned by bicarbonate alkalinity of the water. When the bicarbonate alkalinity is 
high and the epi limnion productive, the conseque nt high production of C02 in the 
hypolimnion r esults in a relative ly small reduction in the pH of the well buffe r ed 
wate r (21) . The bicarbonate alkalinity (150-200 mg . / L . as Cac03) of Hyrum 
Lake r ema ined high and relatively constant during the study period (38). 
Maximum bloom density was reached on September 20, 1971 , by wh ich 
time autumn tur nover had occurred and complete c irculation had been re-es tab-
li s hed. The atta inment of the maximum bloom condition is thought to be due to 
mixing of nutrient rich bottom sediments , and the aqueous phase resulting in 
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s timulation of algal growth. It is interesting· to note that there was at the time 
(September 20 , 1971 ) a generally uniform distribution of pH , temperature , dis-
solved oxygen , !::..: flos-aguae density , and nutrients (Figure 15). 
Peal< concentrations of!::.: flos-aguae on August 2, 1971 and August 16 , 
1971 appeared at the thermocline as is consistent with the hypothesis of Silvery, 
et al (43 ) that some blue-green algae will orient at optimum conditions of nutrient 
and light. lt was noted that on August 16 , 1971 (Figure 13) the hypolimnion be-
came quite anaerobic ; the mean dissolved oxygen content of the entire hypollmnion 
being 0. 48 ppm. Such a condition is not generally well tolerated by aerobes such 
as blue-green algae (37) . This may exp l ain the negligible prese nce of!::..: flos-
aguae in the bottom nine meters of the lake and its complete absence on the bottom 
where the dissolved oxygen concentration was 0. 07 ppm. 
Such reduced anaerobic conditions in which only obligate anaerobes and 
facultative a naerobes generally thrive is further evident by lowered pH, and ex-
treme reduction of nitrate. and nitrite w tth a subsequent inc r ease of am m onia 
(Figure 13). 
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DISC USSION 
The magnitude of total dissolved phosphorus and total inorganic nitrogen 
inputs from suspected point sources during the per iod of the study are as follow3 : 
Table 3 Jnpuls from the Little Bear River and feedlot sources 
Source 
Feedlots 
Lillie Bear 
River 
Total dissolved phosphorus 
0 754 Kg 
9, 758 Kg . 
Total inorganic nitrogen 
3 . 84 Kg. 
80 , 306 Kg . 
H is noted that the input from the four feedlot streams is small in relation to the 
input of the Little Bear River. This is primarily due lo the low stream flow 
(3 .02 acre feel during study period) from these feedlot sources (26 ). The feedlot 
input may not be contr ibuting significantly to t he total e nr ich ment of the ma in 
body of Hyrum Lake on a mass balance basis , however , it is probably responsiole 
for the lush aquatic macrophyte production whtch occurs more abundantly among 
the shorel ine bordering the four feedlot influences than in other areas along the 
lake shore. 
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It is apparent (Table 3) that the major source of nitrogen and phosphorus 
enrichment to Hyrum Lake is the Little Bear River. A general trend is ob-
served ( Figures 6, 7, 9) in that the ni trogen and phosphorus fluctuations in the 
Little Bear River correspond to the fluctuation of the nitrogen and phosphorus 
in Hy rum Lake . Therefore , alleviation of the algal problem in Hyrum Lake is 
dependent at least in part , upon the establishment of corrective measures to 
control nutrient inputs into the Little Bear River . Measures controlling bo th 
nitrogen and phosphorus may not , however, be necessary . It is noted 
(Figure 3) tha t the N:P ratio in the Little Bear River , from June 23 to the end 
of the study , indicates phosphorus to be present in excess . Also , (Figure 8) 
it is evident from the N:P ratio of Hyrum Lake water that phosphorus is present 
in excess in the lake during much of the bloom period. Therefore , tt is t he 
conclilsion of this inves t igator that reduction of phosphorus inpilt (Little Bear 
River and phosphorus liberation from bottom sediments) into Hyrum Lake would 
alleviate the A . flos-aguae bloom and restore quality water for recreational 
acti vities. Henceforth, the investigator will present evidence supporting his 
conclusion that phosphorus is the primary nutrient stimulating the noxious 
bloom condition. 
Fritsch (9), Lund (27), and Fogg (8) have reported tha t many blue-green 
algal l.Jlooms develop at the bottom of lakes a t a time wnen dtssolved oxygen con-
centration at the water-sediment interface approaches anaerobiosis . This re-
duced condition is conducive to nutrient release , particularly phosphorus , from 
the bottom sediments (43 ). Mortimer (35) reported substant.ial amounts of 
phosphorus to be released from bottom sediments only when dissolved oxygen 
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concentrations declined from 2ppm . to analytical zero at wate r- sed iment inter-
faces. Porcella et al (37 ) reported blue-green algal growth to deve lop on 
anerob ic bottom sed im e nts of a laboratory microcos m , concurrent with pho s-
phorus release from the bo ttom sediment; s ubsequently . the a lgae lifted off the 
botto m sediment and appeared in bloom proportions in the over-lying water . 
Mats (3-6 inches in diameter ) of A. flos-agua e saturated with entrapped air 
bubbles ri sing from the boltom sed iments and appear ing in the surface water 
were observed during the afternoon of August 2 , 1972 by this in vestigator at 
Hyrum Lake . Schmalz (42) observed benthic a lgal growth on an anaerobic bot-
tom sample tai<en from Hyrum Lake. These observations support the theory 
that A. flos-aguae growt h leading to bloom conditions , begins on bottom sedi-
ments , at a lime concurrent with dissolved oxygen concentration approaching 
anaerobiosi s at the water-sediment interface (Figure 12). 
A. flos-aguae initially appeared on July 6 , 1971 , (Figure 8) at a time 
whe n nitrogen was in excess in the lake water (N:P = 16 . 4: 1). This was con-
current with the dissolved oxygen leve l of the water sediment interface dropping 
below 2 ppm . (1.97 ppm .) for the first ti me since the lake became stratified. 
lt is thus noted lhal A. flo s-aquae growth commenced at a time when initial 
phosphorus release from bottom sediments took place . The phenomena of 
phosphoru s release from anaerobic sed iments during reduced conditions is 
substantiated by the observed high conce ntration of orthophosphate and total di s-
solved phosphorus in the aqueous phase directly above the bottom sediment in 
Hyrum Lake (Figures 12-14 ). This observation suggests that phosphorus is 
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most likely to be the limiting macro-nutrient regulating the alga l bloom, since 
both nitrogen and carbon had previously been present in excess . 
On July 20 . 1971 , A. flos-aquae growth reached bloom proportions being 
macroscopically visible in the surface water . The dissolved oxygen content 
of the water of the lake bottom had been reduced to less than one part per mil-
lion (0. 63 ppm.) resulting in a period of anerobiosis and subsequent release of 
phosphorus in to the aqueous phase . 1t is worthy to note that the temperature of 
the epilimnion had reached 22-23° for the first time since spr ing break up 
(Figure 11) and this is consistent with the reports of Hammer (19) in whi ch he 
says that blue-green algal blooms seldom appear in Canadian lakes until water 
temperature is In the range of 23-26°C. 
During the period from July 6 Lo July 20 , a 44 percent increase in phos-
phorus discharge into Hyrum Lake from the Little Bear River occurred , while 
the phosphorus content of the lake increased only 18 percent. It was also noted 
that nitrogen input from the Little Bear Ri ver increased slightly (2 perce nt) as 
did the nitrogen content of the lake . In observing these figures , one might 
expect that the N:P ratio in the lake would d•·op sign ificantly below the ratio of 
15:1 clue to the excess input of phosphorus relative to nitrogen ; however , this 
phenomenon did not occur. In fact , the N:P ratio (15 . 5:1) remained relatively 
stable indicating nitrogen to be sligh tly in excess. 
Since A . flos-aqme is capable of storing excess phosphorus in polyphos-
phate granules , it is reasonable to postulate that the excess phosphorus input 
from the Little Bear River was incorporated into algal storage material, and 
subsequently utilized in new cell formation resulting in an eruption of the a lgal 
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population to bloom proportions. Th is further supports the postu lation that 
phosphorus is the macro-nutrie nt that is limiting or controlling the algal bloom . 
A. flos-acpae bloom maintained approximately the sa me level during the 
period July 20 to August 2 , 1971 , commensurate with phosphoru s release from 
reduced lake bottom sediments (0. 25 ppm . disso l ved oxygen) . ln view of the 
observation (Figure 7) that the A. flos-aquae population has r emained relati ve ly 
s table , it is reasonable to assert that phosphorus uptake by the algae s hould 
also level off. This assertion is s upported by the orthophosphate and total 
dissolved phosphorus increase in the discharge from the Little Bear River which 
was reflected in the tremendous increase in the orthophosphate (Figure 7) and 
total di sso l ved phosphorus (F igure 6) levels in Hy r u m Lake. Nitroge n concen-
tration in the lake declined, but it is thought that th is decline is a function of 
the decrease in ni tr oge n inpu t from the Little Bear Ri ve r (Figure 9) s ince the 
r espective rates of decline are proportional. Possibly, the stabili za tion of the 
A. flos-aguae population during this period (July 20 to August 2) was due to the 
reduction of the nitrogen content of Hyrum Lake to a poin t that would be limi ting 
to further A. flo s- aquae growth . Such an interpretation illustrates the necess ity 
for adoption o f measures to contro l nutrie nt input to the Li ttle Bear Ri ver . 
On August 16 , 1971 , the .!::..: flos-aguae bloom was not apparent. This 
condition cou ld not be explained or related to phosphorus concentra tions as i t 
was heretofore. It was thus s uspected that the disappearance of the algal bloom 
in Hy rum Lake must be due at least in part , to another limnologi ca l factor . In 
examining the dissolved oxygen curve (F igure 13) it was determined that the 
mean dissolved oxygen co nce ntration of the entire hypolimnion was 0.48 ppm . 
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Tn fact , the dissolved oxygen con tent of the bottom two meters was only 0 .07 
ppm. Herein perhaps is the explanation for the decline of A flos-aguae . 
This conclusion is substantiated by Porcella et a l (37) who reported that growth 
of a blue-green algae on the bottom sediments of an anaerobic microcosm occur-
red when the water column changed to aerobic conditions upon aeration. There-
fore , the disappearance of the A. flos-aquae bloom was probably due to anaerobic 
conditions of the hypolimnion and reduced light intensity due to the presence of 
the bloom previous to August 16 , 1971. 
Autumn turnover occurred between August 16 and September 6 , 1971 
r esulti ng in reaeration of the hypolimni on, physical stirring of the bottom sedi-
ments , and release of nutrients (particularly phosphorus) into the aquatic phase 
(Figure 14). Subsequent growth of A. flos-aquae to bloom proportions occurred 
(Figure 6). During the period (August 16 to September 6) phosphorus input 
into Hyrum Lake via the Little Bear River declined , while the phosphorus con-
tent of the lake wate r and that liberated from the bottom sediment stabilized 
(Figure 6) . This indicates that soluble phosphorus was accumulated immedia tely 
by the A. flos-aguae and utilized for growth (Figure 6). 
Furthe r A. flos- aquae growth during the period of September 6 to Sep-
tember 20 , 1971 , (F igure 6) was probably due to excess phosphorus present 
in Hyrum Lake (N:P = 5. 7:1) which is reflected in the excess input from the 
Little .Bear River. 
Results of bioassay determinations further substantiated the conclusions 
that phosphorus was the nutrien t most responsible for the blue-green algal 
bloom in Hyrum Lake. Bowman (3) reported that phosphorus addition to a 
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culture of algae suspended in Hyrum Lake water resulled in a much greater in-
crea se in growth relative to o 'her nutrient additions. 
It is apparent that control of phosphorus input into the Little Bear River 
is nece ssary to alleviate the algal problem in Hyrum Lake . Determination of 
point sources of phosphorus input into the Little Bear River is also imperative . 
Edmondson (5) reported that after diversion of sewage, which was a point source 
of excess phosphorus input into Lake Washington, the lake stopped deteriorating. 
Both the phosphorus content of the surface water and phytoplankton content de-
creased . Luce (26), reported that a trout farm located on the Little Bear River 
contributed 61 percent of the total dissolved phosphorus input into Hyrum Lake. 
lf this can be substantiated in further studies, treatment of effluent from the 
trout farm would significantly reduce surface water phosphorus content in 
Hyrum Lake. Improvement [n the deterioratlng condition of Hyrum Lake would 
probably result; although , complete elimtnation of the algal problem is doubtful, 
unless elaborate control measures are instituted to alleviate the reductlon of 
dcssolved oxygen at the sedcment water interface . Porcella et al (37) has con-
cluded that the effects on productivity in Jakes by the removal of phosphorus 
from waste water would not be observed until the reservotr of available phos-
phorus in the lake sediment was exhausted. 
PoltnU&l pbosphv1uo in J-~yrLtli1 Luke a£d~m.ents . Gree11 (18} ca~c...Ilated 
the rate of sedimentation in Hyrum Lake to be four to flve centcmeters of 
matertal per year a nd Luce (26) reported that the bottom sed tments of Hyrum 
Lake act as a s cnk for 27 percent of the total dissolved phosphorus input , and 
4 8 percent of the orthophosphate phosphorus input . Schmalz (42) determtned 
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the average tota l phosphorus content to be 755 micrograms per gram of Hy rum 
Lake sedime nt , with organic phosphorus co mpos ing approximate ly 97 percent 
of the total phosphorus. McKee et al (30) has reported tha t if dissolved inorganic 
phosphorus is not utilized by aquatic macrophy tes or phytoplankton , bacteria 
then convert it to organic phosphorus which wi ll subsequently accummulate in 
t he organic form in bottom sediments. This is a possible explanation for the 
high organic phosphorus content in Hyrum sediments in view of the high inor-
ganic phosphorus input into Hyrum L ake. 
Therefore , even if measures to control phosphorus input into the Little 
Bear Ri ve r were initiated , reduction of the algal bloom would probably not 
occur for many years due to the high pho s phorus content of the bottom sed iment. 
However , installations to retard the reduction of dissolved oxygen in the lake 
bottom , while supplementing phosphorus input measures of control , would 
probably alleviate the bloom condition a nd restore water qual ity for r ecr eat ional 
use. 
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CONCLUSIONS 
1. Resulls indicate that phosphorus is the macro-nutrient most likely 
llmiting the Aphanizomenon flos-aguae bloom condition in Hyrum Lake . 
2. Results indicate that the feedlots effluent streams to Hyrum Lake 
are sources of nutrient enrichment. However , these sources are of minor 
importance to tl1e eutrophication of the lake at the present time. 
3. Results indicate that the Little Bear River is indeed the major 
source of nitrogen and phosphorus enrichment to Hyrum Lake. 
4. Resulls indicate that algal growth was initiated by phosphorus release 
from the phosphorus rich bottom sediments. 
5. Results indica te that coliform bacteria are good qualitative diag-
nostic tools indicating sources of fecal pollution , but are relatively useless 
as quantitative , diagnostic tests indicating sources of nitrogen and phosphorus . 
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RECOMMENDATIONS FOR FURTHER STUDY 
1. A s tudy to determine source s of phosphorus inputs into the Little 
Be ar Ri ver . Subsequent phosphorus control measures are a necessity . 
2 . A detailed study of the biological , chemical , and physical inter-
actions at the water-sediment interface to determine the effects on phosphorus 
r e lease to the aquatic phase. 
3 . Aeration of the hypolimnion to retard or eliminate the reducing 
condition causing phosphorus libe ration stimulatory to algal production. 
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Table 4. Analys is of variance among all twenty-two sampling stations 
for tota l coliform bacteria during the period of the study. 
Source of var ia lion Degrees of freedom Mean squares F test value 
Replicates 10 1 , 427 , 111 
Treatments 21 5 , 350, 006 15 . 9* 
H:(15+17+19+21) = 1 1 , 032,922 3.08** 
(14+16+18+20) 
H:(l 4+16+18+20) = 13,484 ,409 40.17* 
(10 +11 +12 + 13) 
Experimental error 210 355, 702 
Total 241 
* Significant at the 0.01level 
** 
Significant at the 0. 10 level 
Table 5. Analysis of variance among lake stations for total coliform 
bacteria during the period of the study. 
Source of varia t ion Degrees of freedom Mean squares F test value 
Replicates 
Treatments 
H: (lO +ll +12+13) = 
(1+2 +3 . . . +8) 
Experimental error 
Total 
*Significant at the 0. 01 level 
10 
12 
120 
142 
12,865 
24,820 
107 ,3 18 
7,406 
3. 51* 
14 . 49* 
Table 6 . Analysis of variance among all twenty-two sampling stations 
for orthophosphate-phosphorus during the period of the study. 
Source of variation Degrees of freedom Mean squares F test value 
Replicates 10 3 , 575 
60 
Treatments 21 24 , 347 29. 05 ** 
Experimental error 210 838 
Total 241 
* ·· Sign ificant at the 0. 01 level 
Table 7. Ana lysis of variance among lake stations for orthophosphate-
phosphorus during the period of the study, 
Source of var iation Degrees of freedom Mean squares F test value 
Replicates 10 8 72 
Treatments 12 138 3. 14** 
Experimental error 120 44 
Total 142 
** Significant at the 0. 01 level 
Table 8 . Analysis of variance among all twenty-two sampling stations 
for total dissolved phosphorus during the period of the study . 
61 
Source of variation Degrees of freedom Mean squares F test value 
Replicates 10 10,943 
Treatments 21 67,875 43.76** 
Experimental error 210 1,551 
Total 241 
** Signifieanl al the 0. 01 level 
Table 9. Analysis of variance among lake stations for total dissolved 
phosphorus during the period of the study. 
Source of variat ion Degrees of freedom Mea n squares F test value 
Replicates 10 4,965 
Treatments 12 1, 062 1. 79** 
Experimental error 120 591 
Total 142 
**Significant at the 0.10 level 
62 
Table 10 . Analysis of var ian ce among a ll twenty-two sampling stations 
for ammonia-nitrogen during the period of the study. 
Source of variation Degrees of freedom Mean squares F test va lue 
Rep! icates 10 1,998 
Treatments 21 456 
Experimental error 210 508 
Total 241 
·>' Not s ignifica nt at the 0.10 level 
Table 11. Analysis of va riance among lake sta tions fo r a mmonia-
nitrogen dur ing the per iod of the study. 
0 .89** 
Source of var iati on Degrees of freedom Mean squares F test value 
Replicates 10 1 ,58 9 
Treatments 12 734 0. 98** 
Experimental error 120 747 
Total 142 
'* Not sign if icant at the 0 . 10 leve l 
Table 12. Analys is of variance among all twenty-two sampling stations 
for nitrite-nitrogen during the period of the study . 
63 
Source of vanalion Degrees of freedom Mean squares F lest value 
Replicates 10 444 
Treatments 21 114 
Experimental error 210 84 
Total 241 
· '"'ot s ignificant at the 0 . 10 level 
Table 13. Analysis of variance among lake stations for nitrite-
nitrogen during the period of the study. 
1 . 36*' 
Source of var iation Degrees of freedom Mean squares F test va lue 
Repli cates 10 671 
Treatments 12 31 1. 66*"" 
Experimental error 120 19 
Total 142 
, . Significant at the 0.10 level 
64 
Ta iJle 14 . Analysis of var iance among all twenty-two sampling stations for 
nitrate-nitrogen during the per iod of the study . 
Source of variation Degree s of freedom Mean squares F test value 
Re plicates 10 209 , 691 
Tr eatments 21 1 , 412 , 973 3 . 19'* 
Exper imental error 210 443,449 
Tota l 241 
· ·· Sign ifi cant at the 0. 01 level 
Table 15 . Analysis of var iance among lake stations for n itrate-nitrogen 
during the per iod of the study . 
Source of variat ion Degrees of freedom Mean squares F test value 
Replicates 10 115, 681 
Treatments 12 27, 199 1. 45 ** 
Exper imental error 120 18,728 
Total 142 
' ., Not sign ifi cant at the 0.10 level 
Tabl e 16 . Analysis of variance among all twenty-two sampling stations 
for to 'al inorgani c nitrogen during the period of the study . 
65 
Source of variation Degrees of freedom Mean squares F test value 
Replicates 10 8 , 605,227 
T rea tments 21 5 , 385 , 365 127 . 28** 
Expe rimental error 210 42 , 313 
T ota l 241 
· · Significant at the 0. 01 level 
Table 17 . Analysis of var iance among lake stations for total inorganic 
nitrogen during the period of the study. 
Source of variation Degrees of freedom Mean squares F test value 
Repli cates 10 128, 864 
Treatments 12 25,644 1. 28 ** 
Experimental error 120 19 , 977 
Total 142 
"· · I.J ut s igr~ifi 8unt a~ ~he 0 . 10 :evcl 
Table 18. Analysis of var iance among lake stations for Aphanizomenon 
flos-aguae dur ing the period of the study . 
66 
Source of variation Degrees of freedom Mean squares F test va lue 
Replicates 5 504,983 
Treatme nts 12 2,523,0&8 4 . 63** 
Experimental error 60 544,393 
Total 77 
"; Significant at t he 0. 01 level 
Table 19 . Total colifcrm bacteria counts per lite r 
-- --~-- ·-~-- -
·--· ·--~ -- ~~ •··~ ·-- ~ 
Date (1971) 4/ 24 5/ 8 G/ 22 6/ 10 6/ 23 7/ 6 7/ 20 8/ 2 8/16 9/ 6 9(2 0 
Station 
number 
1 10 28 31 17 4 3 69 9 23 14 29 
2 22 17 72 39 177 9 117 9 22 53 6 
3 8 25 43 8 37 3 157 9 5 19 6 
4 22 37 94 8 22 3 97 7 3 17 8 
5 18 21 66 45 97 3 84 14 37 29 6 
6 32 21 52 34 19 15 4 1 12 7 4 11 
7 19 67 43 91 28 1 81 12 8 10 7 
8 53 76 236 48 55 15 119 94 7 14 50 
9 58 234 230 171 187 499 186 93 67 21 71 
10 85 115 364 117 145 28 91 29 95 225 24 
11 34 12 83 35 158 16 37 51 506 120 21 
12 41 15 153 143 156 117 41 31 91 655 10 
13 13 19 51 13 48 29 40 65 52 316 120 
14 217 730 871 907 1120 1230 1933 1693 1767 1320 993 
15 180 209 500 450 909 2230 1630 1900 1467 4550 1053 
16 80 1493 1020 1043 860 3743 740 1367 2400 4075 1150 
17 185 1570 823 850 1233 3393 1520 2227 2633 3767 1897 
18 207 157 2240 1190 733 1403 1727 2267 1043 1660 650 
19 243 788 2883 1520 1353 1475 1550 2307 1182 1820 1070 
20 617 327 773 3773 600 1893 1049 2433 2467 960 1073 
21 767 660 1033 833 1133 2197 1365 2666 1767 1107 1633 
22 45 195 212 708 279 450 1110 233 330 83 297 
"' 
..., 
Table 20. Ortho[!hose!late-EhosEhoru s (ug. / 1 iter ) 
Date (1971) 4/24 5 / 8 5/ 22 6/ 10 6/23 7/ 6 7/ 20 8/2 8 / 16 9/ 6 9 / 20 
Station 
num ber 
1 114 19 0 0 0 0 0 0 0 0 7 
2 25 19 0 0 0 0 7 3 0 7 7 
3 25 19 0 0 0 0 0 0 0 3 3 
4 25 19 0 0 0 0 3 0 0 3 3 
5 25 19 0 0 0 0 0 0 0 0 7 
6 25 19 0 0 0 0 0 0 0 0 3 
7 29 19 7 0 0 0 0 0 0 3 3 
8 21 19 0 0 0 0 0 0 0 3 7 
9 14 19 0 0 0 7 7 20 43 47 33 
10 14 19 0 0 0 0 0 10 13 3 7 
11 29 19 0 0 0 0 0 0 47 3 7 
12 25 19 0 0 0 0 0 0 0 13 3 
13 25 19 0 0 0 0 0 0 0 3 3 
14 63 94 50 107 175 150 113 103 93 120 53 
1·5 114 100 57 100 150 171 120 113 100 120 53 
16 29 35 0 21 143 114 173 160 153 113 80 
17 29 37 29 42 1 68 157 187 187 150 123 80 
18 100 3 1 50 36 79 82 73 80 93 80 57 
1 9 186 50 36 82 75 86 77 80 110 73 57 
20 144 106 107 36 143 186 13 127 120 180 73 
21 171 112 33 121 164 207 13 127 140 1 73 83 
22 18 19 0 0 57 61 60 73 80 60 33 
0> 
00 
Table 2L Total dissolved phosphorus (ug. / liter) 
---
Date (1971) 4 / 24 5/ 8 5/ 22 6/ 10 6/ 23 7/ 6 7/ 20 8/ 2 8/ 16 9/ 6 9/ 20 
Station 
number 
1 60 70 40 30 0 30 50 60 10 50 60 
2 44 60 73 16 16 34 30 60 20 45 75 
3 44 93 30 60 10 10 25 115 70 40 60 
4 60 35 130 20 0 50 70 100 20 30 70 
5 60 67 30 10 0 10 25 20 20 30 50 
6 50 60 60 67 90 0 40 90 90 35 55 
7 53 35 44 50 10 10 30 110 30 30 65 
8 53 67 40 27 0 30 30 80 20 35 50 
9 44 20 103 50 16 30 45 110 110 80 120 
10 32 19 40 10 10 5 20 90 50 80 70 
11 80 100 50 24 0 10 20 110 110 35 80 
12 50 80 50 10 40 10 20 105 20 60 55 
13 60 66 44 24 5 120 20 30 20 30 40 
14 122 150 160 180 204 310 205 220 140 210 250 
15 180 270 140 190 200 250 234 240 150 220 230 
16 112 150 150 110 180 353 300 280 250 210 240 
17 200 230 150 150 200 210 265 380 350 180 250 
18 100 220 153 140 100 180 200 190 115 150 240 
19 186 90 210 170 75 120 200 180 170 190 300 
20 150 150 260 170 143 243 210 320 310 290 220 
21 173 180 187 243 180 307 253 230 190 170 290 
22 44 27 93 24 100 90 130 160 140 120 130 
<3> 
~ 
Table 22 . Ammonia-nitro~ (ug . / liter) 
Date (1971 ) 4 / 24 5/ 8 5/ 22 6/ 10 6/ 23 7/ 6 7/ 20 8/ 2 8/16 9/ 6 9/ 20 
-
Station 
number 
1 0 58 0 0 0 0 3 14 0 
2 0 0 0 0 5 0 0 0 12 0 16 
3 0 0 0 0 0 0 0 0 7 0 0 
4 0 0 0 0 0 3 0 0 9 0 39 
5 3 0 299 41 0 0 0 0 9 3 0 
6 0 0 0 0 0 0 7 0 5 0 65 
7 0 1 0 0 0 0 0 0 7 67 31 
8 0 0 0 0 0 0 0 7 1 0 14 
9 0 0 0 0 0 0 0 0 0 18 0 
10 0 0 7 0 0 0 0 0 0 56 56 
11 0 0 0 0 0 0 0 0 0 21 12 
12 0 0 1 5 0 0 0 0 0 35 50 
13 0 0 5 2 0 0 0 0 14 50 48 
14 0 0 0 0 0 9 0 0 0 48 0 
15 0 6 3 0 0 9 0 0 0 1 0 
16 0 0 0 9 65 0 0 0 5 1 54 
17 7 0 0 0 0 0 0 0 0 1 54 
18 22 1 0 0 9 0 0 0 0 7 48 
19 0 1 0 0 9 0 0 0 16 0 58 
20 0 0 7 0 0 0 0 0 0 54 9 
21 0 12 16 0 0 0 0 0 0 5 0 
22 0 1 0 3 0 0 0 0 0 0 39 
-.] 
0 
Table 23 . Nitrite-nitrogen (ug. /liter) 
Date (1971) 4/24 5/8 5/ 22 6/ 10 6/23 7/6 7/20 8/2 8/ 16 9/ 6 9/20 
--
Station 
number 
15 13 9 7 9 14 18 12 18 33 11 
2 13 7 14 18 9 15 17 17 15 32 34 
4 15 9 10 9 15 18 15 15 33 32 
4 10 5 12 6 9 14 17 18 17 32 18 
5 12 6 6 6 8 13 18 13 17 32 32 
6 4 4 3 7 8 14 9 12 12 29 17 
7 6 2 8 7 9 14 18 13 15 32 15 
8 18 1 9 8 9 15 19 13 18 32 15 
9 5 4 4 6 9 15 19 22 37 29 14 
10 12 5 12 5 11 15 18 14 15 31 8 
11 10 4 10 6 9 13 17 12 26 32 1 
12 11 3 6 9 9 14 18 12 18 28 13 
13 3 3 12 10 4 14 17 13 19 29 14 
14 13 4 22 3 8 17 12 14 5 3 8 
15 12 5 9 10 18 28 1 10 6 2 8 
16 7 6 47 4 13 0 3 3 6 4 6 
17 21 3 13 5 45 7 10 15 8 5 9 
18 21 10 4 8 13 23 4 9 32 6 8 
19 22 5 13 13 13 5 5 17 38 6 59 
20 18 4 1 3 9 41 9 10 12 4 9 
21 9 21 8 7 8 27 4 11 6 2 9 
22 6 6 5 9 22 31 46 40 51 27 14 
..., 
,... 
Table 24, Niirate-nitrJgen (ug. /liter) 
Date (1971) 4/24 5/8 5/22 6/10 6/23 7/6 7/20 8/2 8/16 
--
Station 
number 
1 305 1771 189 122 290 336 334 378 230 285 297 
2 327 436 272 88 249 318 429 138 170 335 386 
3 266 292 285 123 441 455 334 255 143 309 380 
4 309 223 218 136 280 228 460 246 220 311 462 
5 438 279 193 142 338 403 316 169 220 220 380 
6 322 171 193 478 334 422 461 125 201 313 463 
7 300 147 201 158 353 361 590 252 221 302 404 
8 199 181 167 273 345 417 532 138 253 335 301 
9 187 281 295 162 305 435 493 384 868 583 569 
10 103 223 248 203 288 726 1072 107 375 787 346 
11 362 500 138 137 301 396 494 148 1003 352 332 
12 289 176 443 142 276 392 362 335 61 413 346 
13 241 271 117 141 286 669 343 108 433 340 345 
14 981 898 922 1194 948 1089 1014 1368 1117 1224 1127 
15 973 888 923 1002 944 918 968 1187 1163 1274 1179 
16 883 964 1029 1147 920 1151 1036 1087 1178 1107 1197 
17 982 902 1012 1146 982 872 1249 ll05 1302 1192 12R1 
18 964 905 940 572 903 753 888 1081 1022 1286 93~ 
19 977 938 848 970 889 887 938 l166 1191 1155 1492 
20 953 706 106 284 975 8'76 996 1233 1028 l206 1~47 
21 989 882 977 977 1256 853 1035 123:l 2241 1257 1~9>< 
22 265 816 215 819 898 955 960 775 10·15 R56 690 
_, 
"' 
Table 25o Total inorganic nitrogen (ugo /liter) 
Date (1971) 4/24 5/8 5/ 22 6/10 6/23 7/ 6 7/ 20 8/2 8/16 9/6 9/ 20 
Station 
number 
1 321 190 256 129 299 350 352 393 262 318 309 
2 340 443 286 106 263 333 446 155 197 367 436 
3 270 307 294 133 450 470 352 270 246 342 412 
4 319 228 230 142 289 245 487 264 246 343 519 
5 453 285 498 180 347 416 334 182 165 255 412 
6 326 175 196 485 342 436 477 137 218 342 545 
7 306 150 209 165 362 375 608 265 243 401 450 
8 217 182 176 281 354 432 551 158 272 367 330 
9 192 285 299 168 314 450 512 406 905 630 583 
10 115 228 267 208 299 741 1090 121 390 874 410 
11 372 504 148 143 310 409 511 160 1029 405 345 
12 300 179 450 15G 285 406 330 397 79 476 409 
13 244 274 134 153 290 683 360 121 466 419 407 
14 994 902 944 1197 956 1115 1026 1382 1122 1275 1135 
15 985 899 935 1012 962 945 969 1197 1169 1277 1224 
16 890 970 1076 1160 1008 1151 1039 1090 1189 1112 1257 
17 1010 905 1025 1151 1027 879 1259 1120 1310 1198 1344 
18 1007 916 944 580 925 776 892 1090 1054 1299 994 
19 999 944 861 983 911 892 943 1183 1245 1161 1609 
20 971 710 114 287 984 917 1005 1243 1010 1264 1265 
21 998 915 1001 984 1264 880 1039 1244 2247 1264 1307 
22 371 823 220 381 920 986 1006 815 1096 883 743 
------------------- ---------
_, 
w 
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